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SHORT REPORT

Asthma history, occupational exposure to pesticides and the risk
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We previously reported that, although asthma did not increase the
risk of non-Hodgkin’s lymphoma (NHL), the risk from pesticide
exposures was higher among asthmatics than that among nonasth-
matics. To further evaluate this finding, we analyzed data from a
population-based case-control study of NHL conducted in Iowa,
Detroit, Los Angeles and Seattle. Cases (n = 668) diagnosed with
NHL from 1998 to 2000 and controls (n = 543) randomly selected
from the same geographical areas as that of the cases were
included in this analysis. Odds ratios (OR) for the risk of NHL
from potential occupational exposure to pesticides tended to be
higher among asthmatics (OR = 1.7; 95% CI 0.3-9.1) when com-
pared with that among nonasthmatics (OR = 0.9; 95% CI 0.6—
1.5). The risks of NHL associated with pesticide exposure were
also higher among asthmatics who had history of hospitalization
(OR = 2.1; 95% CI 0.2-29.0) or daily medication for asthma (OR =
infinite) than those among asthmatics who did not have such his-
tories. Our results support the previous finding that the risk of
NHL from pesticide exposure may be greater among asthmatics.
© 2006 Wiley-Liss, Inc.
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Pesticides are the suspected risk factors for non- Hodgkm s lym-
phoma (NHL)'™ and immune system alterations.*> Asthma, a
chronic immune-related disease, has also been studied as a poten-
tial risk factor for NHL.®” However there is an ongoing debate as
to whether there is a link between a history of asthma and NHL
risk.® Because both pesticide exposure and asthma may affect the
risk of NHL through immunologic alterations, it has been hypo-
thesized that the combination of these conditions might interact in
putting individuals at special risk. A previous study of agricultural
pesticide exposure, asthma and the risk of NHL found that the risk
of NHL from pesticide exposure was higher among asthmatics
than that among nonasthmatics.” However, the study population
was small, and there was a need to investigate whether this inter-
action might be further influenced by asthma severity. Therefore,
we examined the relation between NHL and pesticide exposure by
correlatlon with asthma history in a population-based case—control
study'® conducted within the Surveillance, Epidemiology and End
Results (SEER) Program of the National Cancer Institute (NCI).

Material and methods
Study population

The NCI SEER case—control study of NHL has been described
previously.'”!" In brief, between July 1998 and June 2000, sub-
jects were enrolled from 4 US SEER registry areas: lowa State,
Los Angeles County, Seattle and Detroit metropolitan area. Eligi-
ble cases were individuals 20-74 years old with incident NHL.
Controls were selected from the general population in the 4 regis-
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try areas, stratified on the basis of: age in 5-year intervals, sex and
race, to match the distribution in the cases. Trained interviewers
administered a computer-assisted personal interview in the home,
which covered a wide variety of topics, including demographic
factors, diet, pesticide use, medical history, occupation and asthma
history. The study was approved by the institutional review boards
at the NCI, and the participating institutions and study participants
provided informed consent. Among all eligible subjects who we
were able to contact, 1,321 case patients (76%) and 1,057 control
subjects (52%) participated in the study. Two self-administered
questionnaires were used to gather additional information; each
went to about 1 half of the participants. Information on asthma
was obtained in 1 of these self-administered questionnaires, and
685 cases and 663 controls answered the questions about asthma.
After excluding subjects for whom information on occupational
history was unavailable (17 cases and 120 controls), the final study
sample consisted of 668 cases and 543 controls.

Pesticide exposure assessment

We estimated the level of potential pesticide exposure for each
occupation during the subject’s lifetime using a job exposure
matrix approach developed by an industrial hygienist (P. Stewart).
Scores reflecting the relative probability of pesticide exposure, the
relative level of exposure and the confidence of exposure coding
were assigned (from 0 = lowest to 4 = highest for each of the
3 categories) for insecticides, herbicides and fungicides separately.
If an individual reported, during the interview, to have handled
pesticides in the workplace, the relative probability scores were
changed to 4 and confidence of exposure coding scores of less
than 3 were raised by 1. We divided the subjects into 3 levels of
occupational pesticide exposure as belonging to: (i) “probably
unexposed” (i.e., individuals who were not working in an environ-
ment where there was a likelihood of pesticide exposure (probabil-
ity and level equalled zero) to any pesticide class); (i7) “exposure
uncertain” (i.e., individuals who never worked in an environment
that met the criteria for being classified as “probably unexposed” or
“probably exposed”); and (iif) “probably exposed” (i.e., indi-
viduals who have always been working in an environment that met
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TABLE I - CHARACTERISTICS OF CASES AND CONTROLS BY ASTHMA HISTORY

Characteristics

Nonasthmatics (n = 1,088)

Asthmatics (n = 123)

Cases (n = 602) Controls (n = 486) Cases (n = 66) Controls (n = 57)
Age
<45 103 (17.1) 85 (17.5) 14 (21.2) 9 (15.8)
45-64 290 (48.2) 214 (44.0) 34 (51.5) 27 (47.4)
>65 209 (34.7) 187 (38.5) 18 (27.3) 21 (36.8)
Gender
Male 346 (57.5) 257 (52.9) 33 (50.0) 28 (49.1)
Female 256 (42.5) 229 (47.1) 33 (50.0) 29 (50.9)
Race
Black 70 (11.6) 111 (22.8) 11 (16.7) 15 (26.3)
White 485 (80.6) 345 (71.0) 47 (71.2) 35 (61.4)
Other 47 (7.8) 30 (6.2) 8 (12.1) 7(12.3)
State of residence
Detroit 147 24.4) 84 (17.3) 12 (18.2) 9 (15.8)
Towa 154 (25.6) 119 (24.5) 12 (18.2) 5(8.8)
Los Angeles 158 (26.3) 151 (31.1) 24 (36.4) 21 (36.8)
Seattle 143 (23.7) 132 (27.2) 18 (27.3) 22 (38.6)
Hospitalized for asthma
No - - 35 (53.0) 36 (63.2)
Yes - - 31 (47.0) 21 (36.8)
Daily medication for asthma
No - - 35 (53.0) 27 (47.4)
Yes - - 31 (47.0) 30 (52.6)
TABLE II - RELATIVE RISKS OF NHL BY ASTHMA HISTORY AND EXPOSURE TO PESTICIDES
Occupational exposure to pesticides
Asthma history Probably unexposed Exposure uncertain Probably exposed
Ca. Co. OR' 95% CI Ca. Co. OR 95% CI Ca. Co. OR 95% CI
Nonasthmatics 282 225 1.0 reference 253 202 1.1 0.8-1.4 67 59 0.9 0.6-1.5
Asthmatics 30 28 0.9 0.5-1.6 29 26 1.1 0.4-3.1 7 3 1.7 0.3-9.1 (p = 0.38%)
Hospitalized for asthma
No 16 16 0.9 0.4-1.8 15 18 0.8 0.2-2.9 4 2 1.5 0.2-11.9
Yes 14 12 1.0 0.4-2.2 14 8 20 0590 3 1 2.1 0.2-29.0
Daily medication for asthma
No 14 11 1.2 0.5-2.9 16 13 1.2 0.3-5.2 5 3 1.3 0.2-8.7
Yes 16 17 0.7 0.4-1.5 13 13 1.0 0.3-3.9 2 0 00 0—oc0

'Odds ratios adjusted for age, sex, race and study center.—Test for interaction between asthma and pesticide exposure.

the criteria for being assigned a probability of exposure >3, level of
exposure >2 and a confidence of exposure coding >2 for any pesti-
cide class).

Statistical analysis

We used unconditional logistic regression with Stata software
(version 8.0)'? to estimate odds ratios (ORs) and 95% confidence
intervals (CIs) for combinations of pesticide exposure and asthma
history. The reference group was the nonasthmatics classified as
“probably unexposed” to pesticides (i.e., individuals who had no
probable exposure to pesticides in any job, and who did not have
asthma). The baseline logistic model included age (<45, 45-64,
>65), sex, race (black, white, others) and study center (Iowa,
Detroit, Los Angeles and Seattle). We estimated the risk of NHL
by level of pesticide exposure and by correlation with asthma
history (such as hospitalization and daily medication). We also
attempted to examine multiplicative interactions among asthma
history, pesticide exposure and risk of NHL.

Results

Table I shows the distribution of the 668 cases and 543 controls
by asthma history, age, sex, race and state of residence. Of the
total, 123 (10.2%) subjects reported having been told by a physi-
cian that they had asthma. No significant differences were ob-
served between cases and controls in the asthmatic group, but non-
asthmatic NHL cases were significantly more likely (than nonasth-
matic controls) to be white and to be living in Detroit.

We observed no effect on NHL risk of pesticide exposure
among nonasthmatics (OR = 0.9; 95% CI 0.6-1.5) and no effect
of asthma history among subjects unexposed to pesticides (OR =
0.9; 95% CI 0.5-1.6). Asthmatic subjects with probable pesticide
exposure, however, had a higher risk of NHL (OR = 1.7; 95% CI
0.3-9.1) than nonasthmatics (OR = 0.9; 95% CI 0.6-1.5), al-
though the interaction between asthma and pesticide exposure was
not statistically significant (p = 0.38) (Table II). The risk of NHL
associated with probable pesticide exposure appears to be
increased when subjects had always hospitalized, or had taken
daily medication for asthma. However, all results were based on a
small number of asthmatic NHL cases.

Discussion

Although asthma alone does not appear to increase the risk of
NHL in these data, asthmatics with potential exposure to pesti-
cides had a higher relative risk of NHL than nonasthmatics
exposed to pesticides. Although numbers are small and this could
be a chance finding, these results are consistent with a previous
study” and support the hypothesis of effect modification between
asthma and pesticide exposure in the development of NHL. When
asthma is regarded as a hyperactive state of the immune system, it
is usually assumed to reflect a shift in the T-lymphocyte response
away from the T-helper 1 towards a T-helper 2 dominated activity.
This skewing of the immune response towards the T-helper 2 phe-
notype by conditions such as asthma could exacerbate the effects
of pesticides, some of which are known to inhibit some aspects of
the immune system.]3 There is no direct evidence, however, that
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pesticides skew the immune response toward the T-helper 2 phe-
notype. Asthmatics may also have increased susceptibility to car-
cinogens because of their impaired mucociliary system and pul-
monary function.~ Some organophosphorus pesticides also inhibit
a different type of the immune response, e.g., cytotoxic T lympho-
cytes or natural killer cells,'” and these inhibitory effects impair
immune surveillance and cytotoxic functions,'® so that the combi-
nation of asthma and pesticide exposure eliminates more than 1
mechanism of immunosurveillance.

A limitation of our study is that asthma case definition was
based on self report and misclassification is likely. Reported hos-
pitalization or daily use of medications was used to define asthma
in order to minimize this problem and to identify more severe
cases. Although numbers were small, the excess of NHL among
persons probably exposed to pesticides persisted in this group. It
is possible, however, that the excess could be generated from med-
icines taken for asthma, which may facilitate development of
NHL due to their cellular and humoral immunosuppression.'”'®
Assessment of pesticide exposure is also a limitation of our study.

LEE ET AL.

The job exposure matrix was based on job title and industry,
which undoubtedly leads to misclassification due to differing tasks
within the same job and industry codes. This misclassification
would probably be nondifferentional and would, thus, lead to an
underestimation of the association between pesticide exposure and
NHL risk.

An important strength of our study is its use of population-based
sampling of NHL cases and controls, which allows a generaliza-
tion of our results to the general population. The lifetime preva-
lence of asthmatics in this study (10.2%) is virtually identical to
that reported in the United States in 2000 (10.4%).%°

In summary, asthma and possible exposure to pesticides appears
to increase the risk of NHL, which is consistent with a previous
study. The excess risk among asthmatics with pesticide exposure
were more pronounced when subjects had ever been hospitaliza-
tion or taken daily medication for asthma. Numbers, however, are
small, which underscores the need for further evaluation of the
interplay between environmental exposures, immunologic condi-
tions and risk of NHL.
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